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INTRODUCTION 
The large, phytophagous beetle, Pasaalus Cornutus 
Fabricius, has occupied t he attention or only a few 
investigators since the middle or the nineteenth cen­
tury. The biological researches that have appeared 
to date on this organism and insects in general are 
fragmentary and isolated, in that many aspects have 
never been treated. Leidy (1851) first called atten­
tion to the flora and fauna in the hind intestine or 
Passalus. He gives a short description or the ali• 
mentary, tract using slightly different terminology 
from that generally employed today. In all the beetles 
examined, fungus gardens were present, and it seems 
that their occurrence is regular in the specialized 
ileum of this beetle. The relationship of micro­
organisms to insects was more thorougtlly a1:iown by 
Baumberger (1919). He found tbdt some microorganisms 
furnish food for insects. In others the organisms ex­
ist as parasites, while 1n some a symbiotic relation­
ship exists, as Cleveland (1924) has proved to be the 
case with tennites and their intestinal protozoa. The 
muscular and skeletal elements of Passalus were de­
scribed by Landacre (1902). Mangrum (1942) in show­
ing the method of infection of Pasaalus larvae by the 
l
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parasitic fly, Zelia vertebrata, demonstrated para­
sitism among insects. Another very interesting aspect 
of the biology of this beetle was investigated by 
Cody and Gray (19.38) who worked out the changes in the 
central nervous system during the life cycle. Later 
Gray (1944) compared the changes in weight and water 
content during the life of Passalus. The pupa-case 
building activities of Passalus were described by 
< 
Miller (19.32). Still another phase 0£ the biology of 
this beetle, the nature of the alimentary canal, was 
reported by Lewis (1926) and additional work on the 
alimentary canal was the description of its cellular 
structure by Patterson (19.37). Later Krause (1946-
1947) described both the structuro and development 
of the gonads of Passalus. 
Inasmuch as Passalus Cornutus Fabricius is a
wood eating insect and since microorganisms have been 
shown to play an important role in the digestive 
processes of other wood devouring insects,· it seemed 
of interest to investigate the bacterial flora of 
this common beetle. Accordingly• an effort was made 
to isolate and identify the species of bacteria present 
in the digestive tract. No attempt was made, however. 
to study the relationships existent between the organisms 
isolated and the biology of the insect. This phase of 
the problem constitutes an area or research not fall-
ing within the scope of this particular study. 
MATERIAL3 AHD �.E.:·HODS 
Twenty-five beetles, Pa;:;;;;alus Cor:nutus Fabricius, 
were collected from the University �f Richmond area 
from February 1953 to July 1953, These beetles were 
taken from the .folla'iing types of wood: Quercua (odk), 
Betula (birch)• F'agus (beech), and Liriodendron (tulip 
poplar). The purpose in selecting these oeetle� from 
different wood types waa to determine whether or not 
a variation existed in the bacterial flora of beetles 
taken from different woods. 
The beetles were t�ken to the laboratory with a 
sample of their native wood. Here they were placed 
with the wood in aterile culture dishes where they 
remaimd ·until dissection fur bacterioloe;ical examina­
tion was practical. The wood on which the beetles 
lived was kept moist at a 11 timeo sL"lCo this is an 
essential of life for these organisms. 
In obtaining tbe bacteria from the alimentary 
camJls of tho beetles �·01· identification, the follow­
ing procedure was initiated and followed throughout 
the investigation. The beetles weru asphyxiated by 
immersion in 95 per cent ethyl alcohol £or 2 to J 
minutes. This immersion also served. to sterilize 
the field for dissect.ion. The beetles were trans­
ferred from 'the c;1lco,1ol to a dissectin.:_. pan which 
.3 
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had previously been swabbed down with 95 per cent ethyl 
alcohol. All dissections and isolations were carrie� 
out under aseptic conditions. The beetles were fixed 
in an inverted position with dissecting needles, the 
entire ventral portion of the beetle was opened and 
the alimentary canal was removed in toto and trans­
ferred to a glass pL ..  te. Here the alimentary canal 
was mascerated and a direct smear wa� made for Gram 
Staining. The purpose of this smear was to ascertain 
if all of the bacteria in the alimentary canal were 
subsequently being isolated on the media employed. 
Then the mascerated alimentary c·anal, with its bac­
terial content, was promptly inoculated into enrich• 
ment media. 
Since no previous bacteriological investigation 
has been done on Passalus Cornutus Fabricius, the 
choice of enrichment media was made in an effort to 
provide types that would support a wide variety of 
organisms. The follo1dng types were used for en­
richment in this project: Selenite F, nutrient Broth, 
Brain Heart Infusion/. 0.2 per cent Agar, and Trypti­
case Soy Broth. Selenite F was chosen because of its 
wide use as enrichment for enteric organisms. Nu­
trient Broth was used as a general purpose enrichment 
for non-fastidious organisms. Brain Heart Infusion 
/. 0.2 per cent Agar was employed because it supports 
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the growth of a wide variety of organisms and is 
especially useful as enrichment for fastidious forms. 
It also supports a luxuriant growth of varying degrees 
of anaerobiosis. Trypticasa Soy Broth was used but 
discarded early in the project when it was detennined 
by a comparison of Gram Slides that Brain Heart In­
fusion with 0.2 per cent Agar was accomplishing the 
same purpose. The choice of enrichm.ent media was 
considered satisfactory when Gram Stains made from 
the enrichment shewed the same bacteria that were 
found in the Gram Stains made directly from the gut 
of  the beetle. The enrichment media inoculated with
mascerated bettle gut was incubated at 37°c. for 
periods of 24, 48, 72, and 96 hours. The incubation 
time was increased for separate groups of inoculations 
to give the slower growing bacteria a chance to multi­
ply sufficiently to produce an a dequate colony. The 
increased incubation time did not cause the faster 
growing bacteria to ��sk or overgrow the slower grow­
ing species. Af'ter varying incubation periods, the 
isolation media were streaked from the enrichment 
media. 
The choice of isolation media, like that of enrich­
ment media, was made in an effort to cover a wide vari­
ety pf possibilities, since the bacteria being studied 
had not been worked with previously. The types of iso-
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lation media· used in this project are as follows; 
Mac Conkey Agar, Bismuth Sulfite Agar, s. s. Agar, 
Nutrient Agar, and Brain Heart Agar.  Mac Conkey 
Agar was used to detect any members of the typhoid 
dysentery group. This medium inhibited all Gram­
Positive growth.· In an eff'ort to isolci te any of the 
Salmonella-Shigella c;roup, Bismuth Sulfite Agar was 
selected. In this medium again we have the inhibi­
tion of Gram-Positive bacteria and members of the 
coliform group. s.s. Agar was employed because ·it 
is inhibitory to all organisms except Gram-Negative 
bacilli. Both Bismuth Sulfite Agar and s.s. Agar 
are used for the isolation of the same bacteria, 
but Bismuth Sulfite Agar is more selective than 
. S.S. Agar and for this reason both were employed. 
Nutrient Agar was chosen as a general purpose Agar 
supporting the growth of many non-fastidious micro­
organisms.. Brain Heart Agar was selected for this 
problem because of its wide acceptance as  a medium 
capable of supporting the growth of most fastidious 
bacteria. Duplicate plates of all isolation media 
were streaked from the enrichment media. One plate. 
was incubated at J7°C. and the other at room tempera� 
ture, 25 to J0°c. The incubation of duplicate plates 
was a precaution to assure that both the mesophilic 
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and psychrophilic temperature ranges were thoroughly 
investigated. All plates were incubated-for 24 hrs., 
. with the exception of Bismuth Suli'ite Agar, which re­
quires 48 hrs. 
After the respective incubation periods, iso­
la.ted colonies were picked from the isolation media 
and streaked on the propagative slants. These slants 
were incubated for 24 hrs. according to their respec­
tive temperature rdnges. These organisms were then 
Gram Stained (Damon' a I1odif'ication of' the Gram Stain) 
and spore stained (Huntoon' s Iilethod}. If the bnc­
teria were founi to be in pure culture, they were then 
inoculated into physiological and biochemical differ­
ential media. 
To ascertain any anaerobic growth, Brewer Anaerobic 
Agar was used with a Brewer Anaerobic petri dish cover. 
The medium after being poured into petri dishes, was 
covered with s pecial porous tops to insure a dry streak­
ing surface.  Dual plates were then streaked· from the 
Brain Heart Infusion} 0.2 per cent Agar. One plate 
from each beetle examined was incubated at 37°c. and 
the other at room temperature, 25-30°c. The plates 
were incubated in an inverted position until growth 
occurred. This period of incubution was from 96 to 
120 hrs. 
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Nutrient Agar was initially u�ed as a propaga­
tive medium, but it failed to support the growth of . 
some of the organisms isolated. Eugonagar, Trypti­
case Soy., Agar, and Brain Heart Agar were tested in 
an attempt �o find a medium that would afford a luxu­
riant growth of all bacteria isolated. All three of 
these media proved quite satisfactory and Brain Heart 
Agar was selected as the propagative mediwn for the 
rest of the projec�. The other t'¼O types of media were 
discarded for the sake of uniformity. 
To ascertain th e presence of cellulose digesting 
bacteria, the following types of cellulose media were 
employed: L'1hnis snd Lochead }iodification of I•loBeth' s 
Medium, Omelianski's Basal Cellulose Salt Solution, 
and L�hnis Ammonium Sulfate Cellulose Solution. The 
above media .were· inoculated from the pure isolations 
and incubated at 37°c. for a period of ten days. 
When the strip of filter paper, used as the cellulose 
source, was cut by the action of the bacteria, this 
was regarded as positive cellulose digestion by the 
organism tested. 
The following types of media and biochemical 
reactions were used in the identification of the pure 
cultures of bacteria isolated. 
CARBOHYDRATES 
Xylose 
Dextrose 
Haltose 
Sucrose 
Lactose 
Rhamnose 
l•1annitol 
Dulcitol 
Salicin 
Starch 
Physiological and Biocher;'iical Reactions 
Simmons Citrate Agar: This medium differentiates 
the Gram Megativo enteric bacteria on t he basis 
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of citrate utilization as the sole source of carbon, 
and arnrnonium salts supply the only source of nitro­
gen. 
Methyl � �: This test is based upon the ob­
served fact that coli organisms produce a high acid­
ity, while the aerogenes group 1s rather alkaline, 
Methyl red indicator solution was the reagent used. 
Voges-Proskauer �: 'l'hib medium demonstrates the 
ability of some bacteria to produce acetyl-niathyl­
carbinol. The reagtmt used was 10 per cent potassium 
hydroxide. 
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Catalase Test: This test demonstrates the ability -
0£ certain bacteria to produce a specific. enzyme 
capable of decomposing hydrogen peroxide. The organ­
ism being tested was grown on Nutrient Agar and the 
reagent was hydrogen peroxide. 
• Hydrolysi� ,2! Starch: Starch Agar was used to de­
termine the diastatic activity of the bacteria in
question. The reagent used was fresh iodine solu­
tion.
Litmus Milk: This medium tests tho ability of an-
organism to peptonize casein and reduce litmus.
The litmus indicator also denotes an acid or alka­
line reaction..
Gelatin Liquefaction: Bacto-Gelatin was employed
for.the study of gelatinolysis by bacteria.
Test for Indole Production: Indole Nitrite Medium--
was used to test for indo.w production. Ehrlich­
Bohme reagent was employed. 
Test for Nitrate Reducti on: The sane medium used to - -
demonstrate the production of' indole was used here. 
This test was employed to detect the reduction of 
nitrates to nitrites. The reagents used were: 
sulphanilic acid in 5N acetic acid and dimethyl-a­
naphthylamine in 5N acetic acid. 
-� .!2!:, Motilitr and tl2 S Production: Trypticase
11 
Lactose Iron Agar was used to determine motility and 
the production of H2 s. · Lactose fermentation was also
noted as a check on the carbohydrate solution. 
Cultural Characteristics 
Nutrient Broth: This medium was used to investigate 
such growth characteristics as pellicle formation, 
the presence of sediment, the production or turbidity, 
and coloration of the medium. 
Nutrient A�ar: The cultural characteristics, pigment 
production, and digestion of agar were demonstrated 
by this medium. 
After the preceding methods of differ�ntiation 
had been performed and interpreted, Bergey' s Manual 
of Determina tiva Bacteriology was consulted as the 
ultimate authority as to the identification of the 
organisms isolated. 
The formulae for all culture media mentioned · 
above are given in appendix A, while those for the re­
agents mentioned are recorded in appendix B. 
RESULTS AND DISCUSSIONS 
In this study a total one hundred and eighty-two 
pure isolations of bacteria were made from the ali­
mentary canal of Passalus Cornutus Fabricius, repre­
senting five families, six genera, and sixteen species. 
- Of the sixteen species isolated, four were classified
and twelve were found to be new species.
All of the organisms isolated belon6 to the Class 
Schizomycetes, the Order Eupacteriales, and the Suborder 
Eubacteriineae. A classification of the organisms iso­
lated to family, genus, and species follows. 
Family Enterobacteriaceae 
In Family Enterobacteriaceae, two genera and six 
species were represented. or the six species found, 
three were classified and three are new species. 
There were fifty-seven isolations belonging to this 
family. The orga�isms in this family are frequently 
found in the alimentary canal of man and animals and 
are widely distributed in nature. A summary of the 
complete biochemical reactions £or the species iso­
lated in this family is given in tables #1 and 2, 
appendix c., The diagnostic characteristics or each 
species are summarized below. 
Gram Stain 
Genus Escherichia 
I Escherichia freundii (Braak) 
: Gram-negative short rods 
with rounded ends 
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Motility 
Spore Stain 
Size in microns 
Temperature Range 
Source 
Wood type 
Growth characteristics· 
Nutrient Agar 
Nutrient Broth 
Litmus milk 
Simmons Citrate 
Nitrites from nitrates 
Catalase 
Methyl red test 
Carbohydrates 
••
• 
• • 
Positive 
Negative 
1 .• 0 to 2.5 
1.3 
Psychrophilic and mesophilic 
·passalus Cornutus Fabricius 
: Beecht poplar, birch 
: Smooth, gray to cream 
white, shining, butyrous 
growth. 
• 
• 
• • 
• 
• 
Slight turbidity 
Positive 
Positive 
Positive 
Positive 
Positive 
Acid and gas from dextrose, 
xylose, lactose, maltose, 
rhamnose, mannitol, dulcitol, 
and sucrose. 
Breed et al., (1948) reported gelatin liquefac­
tion by four out of fifteen cultures. Five gelatin 
liquefactions out of twenty-one cultures were found 
in this survey. Indole is variable according to 
Breed et al., (1948). In this work only one Indole 
was positive out of twenty-one cultures examined. 
: 
: 
• 
• 
 
• 
• 
 
 
, II Escherichia intermedium (Werkman and Gillen) 
Gram Stain 
Motility 
Spore Stain 
Size in microns 
Temperature· range 
Source 
Wood types 
Growth characteristics 
Hutrient Agar 
Nutrient Broth 
Litmus milk 
Simmons Citrate 
Nitrites from nitrates 
Catalase 
Carbohydrates 
: Gram-negative short rods 
with rounded ends. 
: Positive 
: Negative 
: 1.0 to 2.s 
: Psychrophilic and Mesophilic 
: Passalus Cornutus Fabricius 
: Beech, poplar, birch 
:. Smooth, gray to cream 
white, butyrous growth. 
• • 
• • 
: 
• • 
Sligpt turbidity 
Acid 
Positive 
Positive 
Positive 
Acid or acid and gas pro­
duced from xylose, dextrose, 
rhamnose, lactose, mannitol, 
maltose, sucrose, and salicin. 
Genus Erwinia 
III Erwinia nimipressularis (Carter) 
Gram Stain •• Gram-negative, tiny,
plump rods. 
Motility 
Spore Stain 
Size in microns 
Temperature range 
Source 
Wood types 
Growth characteristics 
Nutrient Agar 
Nutrient Broth 
Litmus milk 
Simmons Citrate 
Nitrites from nitrates 
Hydrogen sulfide 
Methyl red test 
Acetylmethylcarbinol 
produced 
Carbohydrates 
••
: 
••
••
••
: 
Positive 
Negative 
o.6 to 1.1+
15 
Psychrophilic and mesophil�c 
Passalus Cornutus Fabricius 
Beech, birch 
: White to tan, smooth, shin­
ing. 
••
• . 
• • 
• • 
• • 
••
••
••
Turbid, tan growth 
Acid 
Positive 
Positive 
Positive 
Positive 
Positive 
Acid and gas produced �rom 
xylose, dextrose, lactose, 
maltose, mannitol, salicin, 
rhamnose, and dulcitol. 
IV Erwinia passali (sp. nov.) 
Gram Stain 
Motility 
Spore Stain 
: Gram-negative, tiny rods 
: Positive 
: Negative 
Size in microns 
Temperature range 
Source 
Wood type 
Growth characteristics 
Nutrient Agar 
Nutrient Broth 
Litmus milk 
Simmons Citrate 
Nitrites from nitrates 
Methyl red test 
Carbohydrates 
16 
: o.6 to 1.5
: Psychrophilic and mesophilic 
:• Passalus Comutus Fabricius 
: Oak 
: Grayish-white to tan, moist, 
• 
• 
smooth. 
Medium turbidity 
Acid 
Positive 
Positive 
Positive 
Acid and gas from xylose, 
dextrose, maltose, mannitol, 
and salicin. 
Erwinia passali is closely related to Erwinia 
atroseptica and Erwinia carotovora. Although giving 
similar reactions on many points of classification, 
this species fails to liquefy gelatin or ferment 
lactose, sucrose, or rhamnose. The production of gas 
in carbohydrate media is a major factor in classify­
ing this species. Gelatin non-liquefaction is a 
basic difference from the previous closely related 
species. Erwinia carotovora turns Litmus milk acid 
in four days. Erwinia passali.gives this reaction 
in twenty-four hours. These differences forming the 
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basis £or the classification of th is organism as a 
new species are deemed valid in that thirteen isola­
tions of this species gave identical reactions on 
differential media. 
V Erwinia intesta (sp. nov.) 
Gram Stain 
Motility 
Spore Stain 
Size in microns 
Temperf.ture range 
Source 
Wood type 
Growth characteristics 
Nutrient Agar 
Nutrient Broth 
Litmus milk 
Simmons Citrate 
: Gram-negative, tiny, 
sausage shaped rods. 
• • 
• • 
•• 
• • 
: 
Negative 
Negative 
0.7 to l.3 
Mesophilic 
Passalus Cornutus Fabricius 
: Birch 
: Smooth, creamy-white, 
moist. 
: Slight turbidity 
: Acid to caramelized 
: Positive 
Nitrites from nitrates z Positive 
Methyl red test 
Carbohydrates 
: 
• . 
Positive 
Acid and gas from xylose, 
dextrose, maltose, rhamnose, 
mannitol, and salicin .
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Erwinia intesta was isolated only once in this 
research. However, a duplicate set or biochemical 
tests produced the same results. Erwinia inteata 
differs from Erwinia passali as to negative motility 
and the fermentation of rhamnose. This difference 
in motility is considered basic enough for speciation • 
. VI Erwinia Virginia (sp. nov.) 
·Gram Stain
Motility 
Spore Stain 
Size in microns 
Temperature range 
Source 
Wood type
Growth characteristics 
Nutrient Agar 
Nutria nt Broth 
Litmus milk 
Simmons Citrate 
Nitrites from Nitrate& 
Methyl red test 
Carbohydrates 
: Gram-negative, long, 
threadlike rods. 
: Negative 
: Negative 
: ·0.5 to 1.3
: Psychrophilic 
: Passalus Cornutus Fabricius 
: Birch 
• • 
• 
• 
Slightly raised, creamy­
white growth. 
Slight turbidity 
Acid to caramelized 
Positive 
Positive 
Positive 
Acid from xylose, dextrose, 
maltose, rhamnose, salicin, 
and mannitol. 
• • 
• • 
• 
• 
• • 
 
19 
The basis for considering this organism as a 
separate species was its fai lure to form gas in car­
bohydrate media. This is according to the criteria 
used 1n Bergey•s Manual of Determinative Bacteriology 
(Breed et al., 1948). The absence of gas on carbo­
hydrates is the only point or difference from Erwinia. 
intesta. This organism was isolated only once, but 
duplicate tests on biochemical media gave identical 
results. 
Family Bacteriaceae 
This family is rather a hetrogeneous collection 
of isolated species whose relationship to each other 
and to other groups is vague. Only one genus and one 
species were isolated in this family. There was only 
one isolation or this species. A summary of the com­
plete biochemical reactions for the species isolated 
in this family is given in table #3 of appendix C. 
The diagnostic characteristics of this species are 
listed below. 
VII Bacterium passali (sp. nov.) 
Gram Stain 
Motility 
Spore Stain 
: Gram-negative, coccoid 
rod, very tiny. 
• • 
• . 
Negative 
Negative 
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• 0.5,to 0.9• 
. Psychrophilic• 
Size in microns 
Temperature range 
Source : Passalus Cornutus Fabricius
Wood type 
Growth characteristics 
Nutria nt Agar 
Nutrient Broth 
---
• Beech• 
: Deep red, abundant growth, 
spreader. 
: Slight turbidity, heavy red 
sedimentation. 
Pigment : Soluble in mineral oil 
Litmus milk : Acid 
Simmons Citrate : Positive 
Nitrites from nitrates : Positive 
Catalase : Positive 
Gelatin 
Carbohydrates 
: · Liquefied 
: Ac'id on dextrose, maltose, 
sucrose, mannitol� and 
salacin. 
Bacterium passali was isolated only once. Re­
peated tests gave identical reactions on biochemical 
media. This species probably belongs in section VII 
under Family Bacteriaceae. This section in Bergeyts 
Manual of Determinative Bacteriology (Breed et-al., 1948) 
is reserved for Gram-negative miscellaneous species. 
Family Achromobacteriaceae 
The members of this family are found to some 
extent in fresh water and soil. One genus and one 
species were isolated belonging to this family. 
There was but one isolation or this species. A sum­
mary of the complete biochemical reactions for the 
species isolated in this family is given in table,� 
or appendix c. The diagnostic characteristics or
this species are described below. 
VIII Achromobacter passali (sp. nov.) 
Gram Stain 
Motility 
Spore Stain 
• • 
• • 
Tiny Gram-negative 
coccoid rod. 
Positive 
Negative 
0.5 to l.l 
: Mesophilic 
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Size in microns 
Temperature rapge
Source : Passalus Cornutus Fabricius 
Wood type 
Growth characteristics 
Nutrient Agar 
Nutrient Broth 
Litmus milk 
Simmons Citrate 
Nitrites from nitrates 
: Birch 
• • 
• • 
. • 
• • 
• . 
Smooth, white, glistening 
Heavy turbidity, homog- · 
enous. 
Acid 
Positive 
Positive 
Catalase 
Gelatin 
Carbohydrates 
• • 
• • 
• 
22 
·Positive
Liquefied
Acid from glucose
sucrose, maltose, lactose,
xylose, rhamnose, salicin,
and mannitol.
This species seems more closely allied to Achro­
mobacter delicatulwn than any other organism listed. 
Achromobacter passali ferments xylose, rhamnose, 
mannitol, and salicin which are not fermented by the 
former species. The f act that Achromobacter delicatulum 
was isolated from the alimentary tract of an adult 
Colorado potato beetle (Leptinotarsa deoemlineata Say) 
(Steinhaus 1947) lends plausibility to the assumption 
that !Q.hromobacter passali is a closely allied species. 
FamilX Bacillaceae 
The members of  th is · family are commonly foWld in 
the soil. Some are ·.round as parasites of animals, 
especially insects. Sixty-one organisms belonging to 
one genus were isolated in this family. Four species 
were found in this genus. A summary of the complete 
biochemical reactions £or the species isolated in this 
family is given in tables #5 and 6 of appendix c.
The diagnostic characteristics of each species are 
summarized below. 
2.3 
IX Bacillus passali (sp. nov.) 
Gram Stain 
Motility 
Spore Stain 
--Size in microns 
. Temperature range 
Source 
Wood type 
Growth characteristics 
Nutrient Agar 
Nutrient Broth 
Litmus milk 
Catalase 
Carbohydrate a 
·: Large Gram-variable rod,
encapsulated. 
: lfogative 
: Positive 
: 1.2 to 5.0 
: Psychrophilic and mesophilic 
: Passalus Cornutus Fabricius 
: Birch, poplar, beech. 
: Smooth, creamy white, 
glistening. 
: Clear, thick white, brown 
growth at bottom •. 
: No change 
: 
•• 
Positive 
No change 
Twenty-three isolations of Bacillus Eassali gave 
identical reactions on biochemical media. This organ­
ism is most closely related to the Genus Bacillus, 
however it is not too closely allied to any of the 
species descri�ed. Therefore, this species belongs 
to a miscellaneous group, and is closely allied to 
· Bacillus henricus (see below).
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I Bacillus henricus (sp •. nov • .) 
Gram Stain 
Spore Stain 
Siz� in microns 
--Temperature range 
Source 
Wood type 
Growth characteristics 
Nutrient Agar 
Nutria nt Broth 
Litmus milk 
Catalase 
Gelatin 
Carbohydrates 
: Long threadlike, 
Gram-variable rods. 
• • 
• • 
•• 
• • 
. . 
• • 
· Positive
1.5 to 5.7
Psychrophilic and mesophilic
fassalus Cornutus 
Birch, beech
Fabricius
Smooth creamy white to 
gray, glistening. 
: Slight turbidity with 
stringy growth at bottom •. 
: No ch ange to acid 
: Positive 
: Positive 
: No change 
Bacillus henricus is closely allied to Bacillus 
passali, differing only in gelatin hydrolysis and 
variable reactions on litmus milk. Gelatin hydrolysis 
is used as the basis for the differentiation of species 
in Bergey 1 s Manual of Detenninative Bacteriology (Breed 
et al, 1948), and the same prerogative was used in this 
paper. Twenty-five isolations of this organism gave 
the same reactions on biochemical media. 
XI Bacillus richmondi (sp. nov.) 
Gram Stain 
Motility 
Spore Stain 
: Long Gram-variable rod, 
chaining� 
: Negative 
: Positive 
: 1 • .3 to  5.5 
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-size in microns
Temperature range
Source
Wood type
: Psychropbilic and mesophilic 
: Passa lus Cornutus Fabricius 
: Birch, beech 
Gra-ith characteristics
Nutria nt Agar 
Nutria nt Broth 
Nitrites from nitrates 
Cata lase 
Starch 
Methyl red test 
Gelatin 
Carbohydrates 
: Smooth, creamy white, 
glistening. 
: Clear, feathery white 
: 
growth at bottom. 
Positive 
Positive 
Positive 
Positive 
Positive 
Acid and no gas from 
dextrose and maltose. 
Salicin variable. 
'l'wel ve isolations of Bacillus richmondi gave 
similar reactions on biochemical media. Salicin is 
variable, as is the methyl red test. This much va-
• 
• 
• 
• 
. 
• 
. 
• 
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riation is frequently found within a species. This 
organism belongs to the same miscellaneous group as 
Bacillus passali and Bacillus henricus. Bacillus 
richmondi is not too closely related to Bacillus 
passali and Bacillus henricus. 
XII Bacillus steinhausus (sp. nov.) 
Gram Stain 
Motility 
Spore Stain 
Size in microns 
Temperature range 
Source 
Wood type 
Growth characteristics 
Nutrient Agar 
Nutrient Broth 
Litmus-·milk 
Nitrites from nitrates 
Catalase 
Starch 
Methyl red test 
Gelatin 
: Gram-variable, sausage­
shaped rods. 
• • 
• • 
• • 
•• 
: 
Negative 
Positive 
1.0 to 4.a 
Psychrophilic 
Passalus Cornutus Fabricius 
: Birch 
: Smooth creamy white to
• 
• 
• 
gray, glistening. 
Very slight turbidity 
Caramelized 
Positive 
Positive 
Positive 
Positive 
Positive 
• 
• 
• 
• 
. 
• 
Carbohydrate a 
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: Acid and gas from lactose 
and rhamnose. Acid from 
xylose, dextrose, maltose• 
sucrose, mannitol, dulci­
tol, and salicin. 
Bacillus steinhausus belongs in the miscellaneous 
group of th e FamilI Bacillaceae with the other species 
previously described in th is r amily. The single iso-
lation or this species gave similar reactions when 
subjected to a second series of biochemical test,s. 
FamilI Pseudomonadac�ae 
Plant and animal pathogens as well as soil forms 
are frequently found in th is family. Four species of 
one genus were identified in the sixty-two isolations. 
Three o£ the four si:ecies described were green chromo­
gens. A summary of the complete biochemical reactions 
for the species isolated in this f'amily is given in 
tables #7 and 8 of appendix C. The diagnostic char­
acteristics or each species are summarized below. 
XIII Pseudomonas cruciviae (Gray and Thornton) var. 
Gram Stain 
Motility 
Spore Stain 
Size in microns 
: Oram-negative medium­
sized, plump rods. 
: Positive 
••
: 
Negative 
1.3 to 3.1 
Temperature range 
Source 
Wood type 
Growth characteristics 
Nutrient Agar 
Nutrient Broth 
Hydrogen sulfide 
Indo+e 
Simmons Citrate 
Methyl red test 
carbohydrates 
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: Mesophilic 
s Passalus Cornutus Fabricius 
: Birch, poplar, beech 
: Smooth tan to creamy white, 
: 
: 
glistening. 
Turbid tan growth 
Positive 
Positive 
Positive 
Positive 
No change 
This organism is a variant or Pseudomonas cruci­
.!!!!• The reactions given in Bergey 1 s Manual of De­
terminative Bacteriology (Breed et al •• 1948) coin-
·cide with the reactions observed ·1n this work, The
following reactions were not previously recorded:
hydrogen sulfide produced, indole produced, methyl
red test positive, and growth on Simmons Citrate.
These are deemed valid as the basis for classify­
ing th is organism as a variant. Five isolations or
this organism gave similar reactions on biochemical
media.
• 
• 
• 
• 
: 
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XIV Psaudomonas passali (sp. nov.) 
Gram Stain 
Motility 
Spore Stain 
Size in microns 
Temperature range 
Source 
Wood type 
Growth characteristics 
Nutrient Agar 
Nutrient Broth 
Litmus milk 
Simmons Citrate
Catalase 
Gelatin 
Carbohydrates 
• . 
:
• -
• • 
• . 
Gram-negative 
Negative 
Negative 
0.9 to 2.2 
. Paychrophilic 
tiny rod 
and mesophilic 
• Passalus Cornutus Fabricius•
• Birch, poplar, beech•
.. . Tan, heavy, glistening, 
smooth, green cast to media. 
: Turbid, green, pellicle 
formation. 
: Reduced to no change 
: Positive 
: Pos:i.tive 
: Positive 
: No change, blue-green film 
on all sugar solutions. 
Forty-six isolations of this orgunism gave similar 
reactions on biochomical media. Litmus milk was the 
only variable with three no change reactions. Pseudo­
monas Eassali is placed in section I with oth�r or­
ganisms giving no change on carbohydrates in Bergey'a 
Manual of Determinative Bacteriology (Breed et al., 
1948). The exact relationship to other species 1n 
this group is not clear. 
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XV Pseudomonas smarta (sp. nov.) 
Gram Stain 
Motility 
Spore Stain 
Size in microns 
Temperature range 
Source 
Wood type 
Growth characteristics 
Nutrient Agar 
Nutrient Broth 
Litmus milk 
Simmons Citrate 
Catalase 
Gelatin 
Carbohydrates 
: Gram-negative, short 
••
••
••
• , .
: 
: 
plump rods. 
Negative 
Negative 
0.7 to 1.3 
Mesophilic 
Passalus Cornutus !!!._bricius 
Birch 
: Abundant, smooth, glisten­
ing, green cast to media. 
: Slight turbidity, sparce 
growth on bottom 
••
••
• . 
••
Acid clot 
Positive 
Positive 
Positive 
Acid and gas xylose, 
�extrose, maltose, sucrose, 
lactose, rhamnose, mannitol, 
and salicin. 
Pseudomonas smarta was isolated only once, but 
duplicate tests on biochemical media gave identical 
reactions. This isolation is rather closely related 
: 
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to Pseudomonas aceris, differing as to the fermenta-
tion of rhamnose by the former and dulcitol by the 
latter. Pseudomonas smarta gives an acid clot in 
Litmus Milk while Pseudornonas aceris has cloaring 
with no coagulation. 
XVI Pseudomonas steinhausa (sp. nov.) 
Gram Stain 
Motility 
Spore Stain 
· Size in microns
Temperature range
Source
Wood type
Growth characteristics
Nutrient Agar 
Nutrient Broth 
Hydrogen sulfide 
Litmus milk 
Simmons Cit rate 
Catalase 
Gelatin 
Carbohydrates 
• Tiny Gram-negative rods• 
• Positive • 
• Negative • 
• 0.5 to 1.1 • 
• Psyehrophilic and mesophilic • 
• Passalus Cornutus Fabricius • 
• Birch, poplar . 
•• Tan gl1stenin6, smooth,
green colora�ion of media.
: Slight turbidity, green. 
• • 
• • 
pellicle. 
Positive 
Acid clot, reduced • 
Positive 
: Positive 
: Positive 
: Acid and gas £rom sucrose 
and maltose. Ac id from 
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rhamnose, mannitol, lactose, 
xylosa, and dextrose. Dul­
. citol und salicin may or 
may not be fermented. 
Nine isolations of Pseudomonas steinhausa gave 
similar reactions on biochemical media. This organ­
ism fits most closely with the plant pathogens, but 
its relationship to other species is rather vague. 
SUMMARY 
Tpe author has carried out an investigation of 
the bacterial flora of .tha alimttntary canal of twenty­
five specimens of Passalus Con1utus Fabricius oetween 
February and Augubt and has described the species of 
organisrns encountered. One hundred and eighty-two 
orga�isms were identified. Five families, six genera, 
and sixteen species were represented. Family Entero­
bacteriaceae is represented by: Escherichia freundii 
(Braak), Escherichia intermedium (Werkman and Gillen), 
Erwinia nimipressularis (Carter), Brwinia passali (sp. 
nov.), Erwinia intesta (sp. nov.), and Erwinia Virginia 
(ap. nov.). Only Bacterium passali (sp. nov.) is found 
in Family Bacteriaceae. Family Achromobacteriaceae is 
represented by Achromobacter passali (sp. nov.). 
Family Bacillaceae is as follows: Bacillus passali 
(sp. nov.), Bacillus henricus (sp. nov.), Bacillus 
richmondi ( sp. nov.), and Bacillus steinhausus ( sp. 
nov.). Family Pseudomonadaceae is represented by: 
·Pseudomonas cruciviae (Gray and Thornton) var., Pseudo­
monas passali (sp. nov.), Pseudomonas smarta (sp, nov.),
and Pseudomonas steinhausa (sp. nov.).
Anaerobic investigation disclosed all isolations 
to be facultative anaerobes. No strict anaerobes were
encountered. All species isolated enjoyed good growth 
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J4 
in both the.psychrophilic and mesophilic temperature 
ranges. 
There was very little variation in the different 
species of bacteria isolated from beetles taken from 
dif£erent types of wood. 
The digestion or cellulose by bacteria from the 
alimentary canal of Passalus was investigated on 
three types of cellulose media. Growth was noted 
frequently, but no digestion of cellulose was ob­
served. 
J5 
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APPENDIX A 
MEDIA 
Polypeptone 
Lactose 
Selenite-F Enrichment {B.D.L,} 
• • • • • • • • • • • • • 
• • • • • • • • • • • • • 
Sodium Phosphate • • • • • • • • • • • • 
• • • • • • • • • • 
5.0 gms.
4.0 g,ms.
10.0 gms.
4.0 gms. Sodium Acid Selenite 
Distilled Water • • • • • • • • • • • • • 1000.0. cc. 
Trypticase 
Thiotone 
Nutrient Broth' JB.B.L.) 
• • • • • • • • • • • • • 
• • • • • • • • • • • • • 
• • • • • • • • • • • • • 
2.5 gms. 
.2.5 gms. 
J.O gms.Beef Extract 
Distilled Water • • • • • • • • • • • • 1000.0 cc.
Brain Heart infusion!� Per .C.�rt� Agar JDifco) 
Calf Brains, Infusion from • • • • • • • 200.0
Beef Heart 1 In£usion from • • • • • • • 250.0
Proteose Peptone, Difeo • • • • • • • • .10.0
Sodium Chloride • • • • • • • • • • • • 5.0 
Bacto-Dextrose • • • • • • • • • • • • • 2.0 
Disodium Phosphate • • • • • • • • • • • 2.5
Bacto-Agar • • • • • • • • • • • • • 2.0
Distilled Water • • • • • • • • • • • •�1000"0
Tcypticas,e s.oY Broth ..Lib..!L.1.J. 
Trypticasa • • • • • • • • • • • • • 
Phytone • • • • • • • • • • • • • • • 
Sodium Chloride . • • • • • • • • • • • • 
Dipotaasium Phosphate • • • • • • • • • 
Dextrose • • • • • • • • • • • • • 
Distilled Water • • • • • • • • • • • • 
17.0 
.).0 
5.0 
2.5 
2.5 
1000.0 
gms • 
gms • 
gms • 
gms • 
gms •
gms 
gms • 
cc . 
gms •
gms • 
gme •
gms • 
gms • 
cc • 
• 
� Agar (Difcoj 
Bacto-Beer Extract • • • • • • • • • • • 5.0 0ms. 
Proteose Peptone, Difeo • • • • • • • • • ;, .o gms. 
Bae to-Lactose • • • • • • • • • • • • • 10.0 gms.
Bacto-Bile Salts No. 3 • • • • • • • • • • • 8.5 gms.
Sodium Citrate • • • • • • • •• • • • • • 8.5 6ms.
Sodium Thiosulfate • • • • • • • • • • • 8.5 gms.
Ferric Citrate , • • • • • • . • • • • • • • 1.0 guw.
Bacto-Agar • • • • • • • • • • • • • lJ.5 gqw.
Bacto-Brilliant Green . . . . . • • • • • . 0.00033 gms.
Bacto-Neutral Red 
Distilled Water • •  
• • • • • • • • • • • 0.02!;1 gms.
• • • • • • • • • 
Hutrient Agar (B.B.�.J.
Polypeptone 
Beef Extruct 
Agar 
• • • • • • • • • • • • • 
• • • • • • • • • • • • • 
• • • • • • • • • • • • • 
Distilled Water . • • • • • • • • • • 
Brain Heart rtgar �Difeo) 
Calf Brains, lnsusion from • • • • 
Bee£ Heart, Infuoion from • • • • 
Proteose Peptone, Difeo • • • • • 
bacto-Dextrose • • • • • • • • • • •
�odium �hloride • • • • • • • • • • • 
Disodium Phosphate • • • • • • • • • 
Bae to-Abar • • • • • • • • • • •
Distilled ·,\·ater • • • • • • • • • • • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
1000.0 cc.
5.0 gms.
J.O tJllB•
15.0 gms. 
lOOU.O cc.
200.0 gms •
250.0 gms • 
10.0 gms •
2.0 e;rr.s • 
,.o gm& •
2.5 c,;rns •
1,.0 gms •
1000.0 cc •
I•iaC 
Eacto-Poptone • 
Conkey Agar . (Di£co), 
. ·• ·• .. ,. ,. ·• ·• • ·• • 
Froteose Peptone, Difeo • • • ·• • • • . ·•
Bacto-Lactoso •
Bae to-Bile Salts No. 
Sodium Chloride ..
Bae to-Agar • • 
Bae to-Neutral Red 
Bacto-Crystal Violet 
. ·• 
) 
• • 
• • 
• • 
• 
• .. 
.. •
• ·•
• •
• • 
• • 
• • • • • ·• .. 
• • • • • • •
·• • • • • • • 
• • • • • • • 
• • • • • • •
• • • • • • • 
11.0 
3.0 
10.0 
1.5 
5.0 
lJ.5 
0.03 
0.001 
Distilled Water • • • • • • • • • • • • 1000.0 
Bismuth Sulfite Aga� (Difeo) 
Bae to-Beer Extract • • • • • • • • • • • 5.0
Bacto-Peptone • • • • • • • • • • • • • 10.0
Bae to-Dextrose • • • • • • • • • • • • • 5.0
Disodium Phosphate • • • • • • • • • • • 4.0 
Ferrous Sulphate • • • • • • • • • • • • 0.3 
Bismuth Sulphite Indicator • • • • • • • 8.0 
Bae to-Agar • • • • • • • • • • • • 20.0 
gms • 
gms • 
gms • 
gms • 
gms • 
gms • 
gms • 
gms 
cc. 
gms • 
gma • 
gms • 
gms •
gms •
gms •
gms •
Bacto-Brilliant Green 
Distilled Water • • 
• • • • • • 
• • • • • • 
• • • • 0.025 gms. 
• • • •  1000.0 cc. 
• 
Brewer ,-\naerobic Agar (Difeo) 
Bacto-Yeast Extract • • • • • • • • • • • 
Bacto-Tryptone • • • • • • • • • • • • • 
Proteose Peptone No • .3, Difeo • • • • • •  
Bae to-Dextrose 
Sodium Chloride 
Bacto-,igar 
• • • • • • • • • • • • • 
• • • • • • • • • • • • • 
•• • • • • • • • • • • • • 
Sodium Thioglycollate, Difeo • • • • • • 
Sodium Formaldehyde Sulfoxylate • • • • •  
Hesazurin, Certified • • • • • • • • • • 
,.o 
5.0 
5.0 
1u.o 
,.o 
20.0 
2.0 
1.0 
0.002 
Distilled Water • • •  • • • • • • • • • • 1000.0 
Trypticase 
Phytono 
• • • • • • • • • • • • • 
• • • • • • • • • • • • • 
Sodium Chloride . • • • • • • • • • • • • 
Sodium Citrate • • • • • • • • • • • • •
Sodium Sulfite • • • • • • • • • • • • •  
L-Cystine
Dextrose 
Agar 
• • • • • • • • • • • • • 
• • • • • • • • • • • • • 
• • • • • • • • • • • • • 
15.0 
5.0 
4.0 
1.0 
0.2 
0.2 
5.0 
1,.0 
Distilled �':ater • • • • • • • • • • • • • 1000.0
�s. 
i;U!S•
gms. 
grus.
gms. 
gms • 
gms. 
gms. 
gms 
cc. 
gn.s. 
&r!S• 
gms. 
gms. 
gma. 
gms. 
e;ms. 
gms. 
cc .• 
• 
Tryotic�se Soy Agar (B.D.L.} 
1'ryptict1se 
Phytona 
• • • • • • • • • • • • • 
. . . . .. . . . . . . . . 
Sodium Chloride . • • • • • • • • • • • • 
Agar • • • • • • • • • • • • • 
Distilled Water • • • • • • • • • • • • •
Simmons Citrate A�a:r: ,B.D.L.l 
Ammonium Dihydrogen Phosphate • • • • • • 
Dipotasoium Phosphate • • • • • • • • • • 
Jodium Chloride • • • • • • • • • • • • • 
Sodium Citrate • • • • • • • • • • • • •
Magnesium Sulphate • • • • • • • • • • • 
Agar • • • • • • • • • • • • • 
Brom Thymol Blue • • • • • • • • • • • • 
Distilled Water • • • • • • • • • • • • • 
M .• it.-V.?. I'-:edium (Difeo}
Buffered Peptone • • • • • • • • • • • •  
Bacto-Dextrin • • • • • • • • • • • • • 
Dipotassium tho�phate • • • • • • •• • •  
1,.0 gms. 
,.o gms. 
.,.o gms. 
15.0 gms.
1000.0 cc •
1.0 gms • 
l.O 6tlS •
5.0 @llS•
2.0 gms • 
0.2 gms •
15.0 gms • 
0:.08 g,ms •
1000.0 cc •
7.0 gms. 
,.o gms. 
5 .o gros. 
Distilled Water • •  . •- . • • • • • • • • 1000.0 cc.
Litmus� (Difeo) 
Bacto-Skim Hilk . • • • • • • • • • • • • 
Bacto-Litmus 
Distilled hater 
• • • • • • • • • • • • • 
• • • • • • • • • • • • • 
100.0 gms. 
5.0 gms.
1000.0 cc
Nutrient Gelatin {Difeo} 
Bacto-Beef Extract • • • • • • • • • • • 
B�cto-Peptone 
Bacto-Gelatin 
• • • • • • • • • • • • • 
• • • • • • • • • • • • • 
J.O gms.
5.0 gms. 
120.0 &fllS•
Distilled Water . • • • • • • • • • • • • 1000.0
Indole-Nitrate hedium (B.l..i.L.l 
Trypticasa • 
Disodium Phosphate 
Dextrose • 
Agar • 
Potassium IUtrate 
Distilled hater • 
• • • 
• . .
• • •
• • •·· 
• • •
• • • 
• .  .. • 
• • • •
• .. .  •
• • • •.. 
• • • • 
• • • • 
• • • • 
• • • • 
• • • • 
• • • • 
• • • • 
• • • • 
• 20.0
• 2.0
• 1.0
• · 1.0
• l.L>
• 1000.0
Trtpticase Lactose !!:2!! Agar (o.LJ. ·--• l.
Trypticase • • • • • • • • • • • • • 20.0
Lactof)e • • • • • . .  • • • • • • • 10.0
Ferrous- Sulfate • • • • • • • • • • • • • • 0.2
Agar . . • • • • • • • • • • • • .3.5
Sodium Sulfite • • • • • • • • • • • • • 0.4
Sodium Thiosulfate • • • • • • • • • • • 0-.08
Phenol Red • • • • • • • • • • • • • 0.02
Distilled Water • • • • • • • • • • • • • 1000.0
cc. 
tJllS• 
gos • 
gms • 
gms. 
gms •. 
cc. 
gms • 
gins • 
gms • 
gms • 
gms • 
grno • 
gma • 
cc . 
------· 
Krur:.wiede 'l'riple ('ur•ar � 6 Agar (Difeo) 
Bcicto-Beaf Extract • • • • 
• 
• • • • • • • 1.0
Proteose Peptone Ho. J, Difeo • • • • • • 12.0
Bacto-Lactose • • • • • • • • • • • • • 10.0
Saccharose, DifcQ • • • • • • • • • • • • 10.0
Ba cto-JJext.rose • • • • • • • • • • • • • 1.0
Sodium Chlorida • • • • • • • • • • • • • 5.0 
Bae to-Agar • • • • • • • • • • • • • 15.0
Bacto-Phenol Red • • • • • • • • • • • • 0.02.5
Distilled hater . • • • • • • • • • • • • 1000.0
Brilliant Green� _g_� � (Difeo) 
Bacto-Peptone • • • • • • • • • • • • • 10.0
Bacto-Lactose • • • • • • • • • • • • • 10.0
Bacto-Oxgall • • • • • • • • • • • • • 20.0
Bacto-Brilliant Green • • • • • • • • • 0.0133 
Distilled Water • • • • • • • • • • • • • 1000.0
Urilliant Graen� Agar (Difeo) 
Bacto-Peptona • • • • • • • • • • • • • 8.2)
Bacto-Lactose 
Bacto-Oxgull 
Sodium Sulfite 
• • • • • • • • • • • • • 1.9
• • • • • • • • • • • • 
• • • • • • • • • • • • 
Ferric Chloride . • • • • • • • • • • • 
Monopotassium Phosphate • • • • • • • •  
Special Agar {Noble) • • • • • • • • •
Eriogluucine • • • • • • • • • • • •  
Bacto-Basic Fuchsin • • • • • • • • • • 
Bacto-Brilliant Green • • • • • • •
Distilled Water • • • • • • • • • • • • 
0.002')�
0.20, 
0.0295 
0.015.3 
10.15 
0.0649 
0.0776 
0.0000295 
1000.0 
gms • 
gms • 
gms • 
gms • 
@S• 
g.n.s • 
gms.-
gms • 
cc. 
gms • 
gr.is • 
grns • 
gms • 
cc. 
gms. 
0no. 
if,C'lS � 
gms. 
gms. 
guis. 
gms. 
g,ms. 
e;ms. 
g.ius. 
cc.
- -·----· 
Brilliant Green Agar (Difeo) 
Bae to-Yeast ·Extract • • • • • • • • • • • J.O gms •
Proteose Peptone Ho. 3, Difeo • • • • • • 10.0 gms •
Sodium Chloride • • • • • • • • • • • • • 5.0 gms •
Bae to-Lactose • • • • • • • • • • • • • 10.0 gms •
Saccharose, Difeo . • • • • • • • • • • • 10.0 gms •
Bacto-Phenol Red • • • • • • • • • • • • C.08 gms •
Bacto-Brilliant Graen • • • • • • • • • •  0.0125 gms. 
Bae to-Agar • • • • • • • • • • • • • 20.0 gms.
Distilled Water . • • • • • • • • • • • .  1000.0. cc.
Purple Droth Basu jDifco) 
Bacto-Beer Extract • • 
Proteose Peptone No. 3, 
Sodiwn Chloride • • • 
Bacto�Brom Cresol Purple 
Distilled Water • • • 
• • • • • 
Difeo • • 
• • 
• 
• • 
• 
• 
• 
•· .. 
. .  
• • 
• • 
• • 
• • 
• • 
• • 
•
• 
•
• 
•
• 
• 
• 
• 
• 
Xylose • • • • •• •• • • • • • • • 
Purple Broth Base • • • • • • • • • • • •  
1.0 gms •
10.0 gms • 
s.o gms •
0.015 gma •
1000.0 cc •
10.0 gms • 
16.0 gms. 
Distilled Water . • • • • • • • • • • t C 1000,Q cc. 
-Dextrose 
Dextrose. 1 Per Cont Solution -- -
• • • • • • • • • • • • • 
Purple Broth Base • • • • • • • • • • • •  
10.0 gms. 
16.0 gms. 
Distilled Water . • • • • • • • • • • • • 1000.0 · cc.
Malto�e 1 P3r Cont Solution --------- - - - ------
Maltose • • • • • • • • • • • • • 
Purple Broth Base • • • • • • • • • • • • 
10.0 gms. 
16.0 gms. 
Distilled :�ater • • • • • • • • • • • • • 1000.0 cc. 
Succharose 
Saccharosa l Por Cent Solution ---=----- - - ---- �----
• • • • • • • • • • • • • 
• • • • • • • • • • • •
10.0 �s. 
16.o gms.Purple Broth Base 
Distilled Wat.or • • • • • • • • • • • • • 1000.0 cc.
Lactose l Par Cent Solution ---- - - - -----
Lactose • • • • • • • • • • • • • 
Purple Broth Base • • • • • • • • • • • • 
Distilled Water • • • • • • • • • • • • •
P.hamnosa 1 Per Gent Solution ---------- ---------
Rhamnose • • • • • • • • • • • • • • 
Purple Broth Dase • • • • • • • • • •  • • 
10.0 6111S•
16 .. 0 &US• 
1000.0 cc. 
10.0 gms. 
16.0 gnrn. 
Distilled Water . • • • • • • • • • • • • 1000.0 cc. 
Mannitol l Per Gent Solution 
...;;;;=,__,.iiooiiio,_, - - - -----
Mannitol • • • • • • • • • • • • • 
Purple Broth Base • • • • • • • • • • • • 
10.0 gms. 
16.0 6ffiS• 
Distilled Water • •  • • • • • • • • • • • 1000.0 cc.
Dulcitol l Per Cent Jolution ...................... - - - ----------
Dulcitol • •  
Purple Broth Base . 
• • 
• • 
• • 
• • 
• • • • • • • • 
• • • • • • •
10.0 gms. 
l,�.o .., gt:1s.
Distilled 1::ater • • • • • • • • • • • • • 1000.0 cc.
Salicin 
Salicin 1 Per Cent Solution --------- ..... ---------
• • • • • • • • • • • • • 
• • • • • • • • • • • 
10.0 gms. 
16.0 gms. Purple Broth Dase . 
Distilled Water . • • • • • • • • • • • • 1000.0 cc. 
Polypeptone 
Beef Extract 
Agar 
Starch Agar 0.2 f!.£ � 
• • • • • • • • • • • • • 
. . . . . . . . . . .. . . 
• • • • • • • • • • • • • 
• • • • • !" � • • • • • • 
5.0 
3.0 
15.0 
2.0 Soluble Starch 
Distilled Water • • • • • • • • • • • • •  1000.0
gns. 
gms. 
gms. 
gms. 
cc. 
Lc)hnis s.W! l:,ochead Jiiodification 2.( B,cBeth� Medium 
Di-potassium Phosphate • •  • • • • • • • • 
ilJBgneaium Sulf'ata 
Sodiwn Chloride . 
• • • • • • e � • $ • 
• • • 
Calcium Garbonute . 
Potu ss"ium Hitrate • 
• • 
• • 
• • • • • • • • • 
. . .• . . • • • • 
• • • • • • • • • 
1.0 gms. 
1.0 £JllS •
1.0 gms. 
2.0 8Jl1S.
2.0 gmo. 
Gellulose • • • • • • • • • • •  Strip per tube
Distilled Water . • • • • • • • • • •  • • 1000.0 cc.
Omelianskys Basal Cellulose� Solution 
Sodium Chloride • • • • • • • • •  • . • • Trace 
Magnesium Sulfate • • • • • • • •  
Potassiwn Phospha�e_ • • • • • • •  
Cellulose • • • • • • • • • 
Potassium Phosphate • • • • • • • 
• • • • 0.5 grns.
• • • • 1.0 gms • 
• • �trip per tube
• • • • 
Peptone • • • • • • • • • • • • • 
1.0 gms. 
l.O gms.
Distilled Water . • • • • • • • • • • • • 1000.0 cc. 
Lb'hnis Ammonium bulfate Cellulose Solution 
Am.�onium Sul.fate • • • • • • • • • • • •  
Di-potassium Hypophosphate • • • • • • • 
Magnesium Sulfate • • • • • • • • • • • •  
Sodium Chloride • • .  • • • • • • •  • • •
Calcium Carbonate . • • • • • • • • • • • 
1.0 gms. 
l.O gms.
0.5 grns. 
Trace 
20.0 g,rns. 
Cellulose 
Distilled Water 
• • 
• • 
• • •
• • • 
• • 
• • 
• • 
• • 
• • 
• • 
.!;trip per tubf3 
• •  1000.0 cc. 
. AP.PEtWIX B 
RSAG.;ili'£S 
Reagent I: 
.l:ieagents £2! Nitrate � 
Sulphanilic Acid 
5 IIJ Acetic Acid 
�eagent II: 
Dimethyl-a-Naphthylamina 
; M Acetic Ac id , 
e.o �o.
1000.0 cc. 
6.o gms.
1000.00 cc. 
Ehrlieh-Bohme Rea,y3nt f.Q.t_lnc.tole T.2,:il,_ 
P-dimethylaminobenzoldehyda
95 per c1:mt Ethyl Alcohol 
Concentrat3d Hydrochloric Acid 
4.0 gms. 
3ao.o cc.
so.a cc 
Methyl� Reagen� f.9.t,Mathyl liru!, � 
Dacto-MotJ:11,1 Red 
95 per cent Ethyl Alcohol
Distilled Water, Dilute to 
Reagent .f2!: Vogos-Proskauar � 
Potassium Hydroxide�� .. 
Distilled· ,;ater 
Heu{e;ent .f2!:. Catalase � 
Hydrogen Peroxide · ( c. ? • ) 
Iodine 
Potiassium Iodide 
Distilled Water 
Heagant for Starch Tost - - -
O.l 6filS.
,300.0 cc.
500.0 cc.
10.0 grns. 
100.0 cc.
1.0 ans.
2.0 ems. 
,300.0 cc. 
Hea,J;lcmt .£cl!: SEqz:f! Stain (Huntoon' s Method) 
Solution I 
Acid Fuchsin 4.0 gms, 
Aqueous Solution of Acetic Acid (2 per cent; 50.0 cc. 
Solution II 
f.1ethylene Blue 2.0 gms • 
.Aqueous Solution of Acetic Acid (2 por ceht) ,50.0 cc. 
Mix the two solutions; let st.and for fifteen min­
utes, and tilter off the voluminous precipitate through 
moistened filter paper. 'fhe filtrate is used as the
St8ining solution. 
V,hite and Damon's Modification of the --.. ........... - ............................................... ___,_.., - -
Gr&m Jtain 
1 Per Gent Grvstal Violet �olution - - ............. 
0rystal Violet 
95 par cent Ethyl ,.lcohol 
Distilled Water 
Sodium Bicarbon�te 
Distilled ·later 
10.0 gms. 
50.0 cc. 
9,50.0 cc_. 
5 .0 tfPIS• 
100.0 cc. 
Add l part of 5 · per cent ;.;odium Bicarbonate to e<lch 
20 parts of 1 per cent Crystal Violet �olution imme­
diately before use. 
Mercuric Potnssium Iodida �elution 
Pota asium Iodide ( C. P. ) 
L,istilled Water 
(Dissolve} 
Mercuric Potassium Iodide (C.P.) 
(Edd to abovs solution) 
(Dis::-;olve) 
Distilled Water 
Decolorizing; Ag,ent 
acetone G.p. 
Dilute Safranin 
Safranin 0 
95 par cent Ethyl ,�lcohol 
(Dissolve) 
Distilled Water 
20.0 gms. 
200.0 cc. 
10.0 gms. 
800.0 cc. 
100.0 cc. 
1000.0 cc. 
APPENDIX C 
LEGEND 
The physiological and biochemical reactions per­
formed on the organisms isolated from Passalus as listed 
in the preceding tables are as follows:
Media 
IND. - INDOLE 
NIT. - NITRITE 
L.M. - LITJvlUS MILK
CIT. - Sir�qONS CITRATE
GEL. - GELATIN
CAT. - CATALASE
STCH.- STARCH
M.R. - METHYL RED
V.P. - VOGES-PROSKAUER
ANAEROB.- ANAEROBIC 
Legend 
OBL-FAC- OBLIGATE-FACULTATIVE 
CELLUL. - CELLULOSE 
A - OMELIANSK'S BASAL
Tests 
CARBOHYDRATES 
Y & G - acid &. gas 
NC - no change 
LITI•i.US MILK 
NC - no change
R - reduced
A - acid
C - caramelized
INDOLE, CATALASE, 
NITRATE, M.R., V.P.,H2S 
tiIN,vlOUS CITRATE 
- positive
- negative
CELLULOSE SALT SOLUTION
B - tOr!NIS t AfiilftONIUU SULFATE
GELLULO�G SOLUTION
C - LOHNIS' &. LOCHEAD r�IODIFI-
CATION OF McBRTHS MEDIUM
STARCH 
/. - hydrolized
- - not hydrolized
GELA'rIN 
/. - liquefied
- not liquefied 
Legend - conti nued 
Characteristic s 
ANAEROBIC 
OBL-FAC 
� - posi tive £or growth
- - negative for growth
CELLULOSE 
.A B C
/. · - growth
l/. - digestion of cellulose
- - no growth
-- - no digestion of cellulose
MOTILITY 
/. . - motile
- non-motile
.GRAM'S RE:AC'fIOrl 
f - gram positive
- - gram negative
EliDOSPORES 
f - endospores present
- endospores absent
TABLE /11 
CARBOHYDRATES FOR FAMILY ENTEROBACTERIACEA& 
ORGAN XYLOSE DEXTROSE MALTOSE SUCROSE LACTOSE RHAMNOSE MANNITOL DULCITOL SALICIN 
I YO YG YG YG/NC I/SL y YG YG N.C./Y
Escherichia rreundii (Bra_ak) G 
II YG YG YG YG y y YG NC y 
Escherichia interm$cii\UJ1 (Werlcman and Gillen) 
III YO YG YG NC YG YG YO YG y 
Erwinia ni!ni:eressularis (Carter} 
NrSLIV YG YO y NC NC YO YG NC YG 
Er,,iinia passali (sp. nov.)
V YG YO YO NC NC y YG NC I 
Erwinia intesta (sp. nov.)
VI y y y NC NC y I NC 
Erwinia yir ginia ( sp. nov. ) 
I 
TABLE IJ2 
BIOCHEMICAL REACTIONS FOR FAMILY ENTEROBACTERIACEAE , 
ORGAN GM MOR SIZE SPORE MOT IND NIT L.N. CIT GEL CAT STCH M.R. V.P. H2S ANAEH.OB CELLULOBL-FAC A-B-C 
I - rod 1.0-2.5 - /. - f
Escherichia freundii {Braak) 
A /. -/A 
II - rod 1.0-2.8 - f - f A � -
Escherichia interm0dium (Warkman and Gillen) 
III - rod 0.6-l.4 - /- - /- A
Erwinia nimipressul.aris (Carter) 
I- -
IV - rod 0.6-1.5 - /- - /. A I- -
Erwinia passali (sp. nov.} 
V rod 0.1-1.3 - /- A/C /. - - - -
Erwini{! intesta (sp. nov.) 
IV - rod 0.5-1.3 - - - /- A/C I- -
Erwinia vir1E;nia { sp. nov.)
I-
I-
-
-
-
-
- f ·- I-
- - - -
- I- - I-
- I- - -
- I- - -
- I- - -
-
-
-
-
-
-
I-
I-
/. 
r 
r 
/. 
- - -
- - -
- - -
- - -
- - -
- - -
I 
I 
TABLE #3 
CARBOHYDRATES FOR FAMILY BACTERI.�GEAE 
ORGAN XYLOSE DEXTROSE MALTOSE SUCROSE LACTOSE RHAM�'iOSE MAN.NITOL DULCI'iOL SALICIN 
VII NC Y Y 
Bacterium passali (sp. nov.) 
y NC NC y NC y· 
ORGAN GI•l i'10R SIZE SPOR.t; Mar IHD NIT L.M. CIT GEL CAT STCH I-1.R. V .P. H2S A!�i'.Jl:ROB CELLUL OBL-F:iC A-B-C 
VII - rod 0.5-0.9· - - - f A/R
Bacterium passali (sp. nov.) 
/. I- I- - .. f .. ...  -
TABLE 1/4 
CARBOHYDRATES FOR FAMILY ACHROMOBACTERIACEAE 
ORGAN XYLOSE DEXTROSE MALTOSE SUCROSE LACTOSE RHAMNOSE MANNITOL DULCITOL SALICIN 
VIII -YO YO YO YO 
Achromobacter passali (sp. nov.) 
y y YG NC YG 
ORGAN GM MOR SIZE SPORE MOT IND NIT L.M. CIT GEL CAT STCH M.R. V.P. H2S ANAEROB CELLULOBL-FAC A-B-C 
. VI11 - rod 0.5-19 1 - /- - /- A/C /. /. /. -
Achromobacter eassali ( sp. nov. )_ 
/, - - -
TABLE {IS· 
CARBOHYDRATES FOR FAMILY BACILLACEAE 
ORGAH XlLOSE DEXTROSE MALTOSE SUCROSE LACTOSE RHA14NOSE MANNITOL DULCITOL SALICIN 
ll NC NC NC 
Bacillu� eassali (sp. nov.) 
X NC NC NC 
XI 
XII 
Baci� henricus (sp. nov.) 
NC y y 
Bacillus richmondi (sp. nov.) 
NC y I
Bacillu� st.einbau�\ls ( sp. nov. ) 
NC NC NC NC NC NC 
NC NC NC NC lJC t4C 
HC NC NC NC UC I/rm 
HC y y I ?JC y 
TABLE 1/6 
BIOCHEMICAL REACTIONS FOR FAMILY BACILLACEAE 
ORGAN GM MOR SIZE SPORE MOT IND NIT L.M. CIT GEL CAT STCH M.R. · V.P. H2S ANAEROB CELLULOBL-FAC A-B-C 
 /. d ll - ro 1.2-5.0 - - - -
Bacillus passali (sp. nov.) 
. /. -X - rod 1�5-5.7 f - - - NC/A
Bacillus henricus (sp. nov.) 
XI t rod 1�3-5.5 j - - i R/NC 
Bacillus richmondi (sp. nov.) 
XII C rod l.0-4.8 /. - - /- C 
Bacillus steinhausus (sp. nov.) 
I-
- I- I-
I- I- I-
- I- I- I-
- - - .. I- .. - ...
/. - - -
I- ... I,. .. ... ....
I- - I- - - -
TABLE If/ 
CARBOHYDRATES FOR FAMILY PSEUDOMONODACEAE 
ORGAN XYLOSE DEXTROSE J1ALTOSE SUCROSE LACTOSE RHAlw1NOSE l1ANNITOL DULCITOL SALICIN 
XIII NC NC NC NC NC NC NC NC NC 
Pseudomonas cruciviae (Gray and Thomton) var. 
XIV NC NC NC NC NC NC lfC NC NC 
Pseudomonas passali (sp. nov.) 
xv YG YG YG YG YG YG YG NC YG 
Pseudomonas smarta �sp� nov.) 
SL 
Y/SL/G XVI Y Y Y/G Y/8L/G y I YG/NC NC/IG 
Pseudomonas steinhausa (sp. nov.) 
TABLE 1/8 
BIOCHEMICAL REACTIONS FOR FAMILY PSEUDOMONODACEAE 1 
ORGAN GM Jv10R SIZE' SPORE MOT IND NIT L.M. CIT GEL CAT STCH M.R. V. P. H2S ANAEROB CELLULOBL-FAC A-B-C 
XIII - rod 1.3-3.1 - /. /- - A /- - -
Pseudomonas cruciviae (Gray and Th�rntonl var. 
XIV - rod 0.9-2.2 - - - - R I- I- I-
Pseudomonas passali (sp. nov.) 
xv - rod 0.1-1.3 - - - - A I- I- /. 
Psaudomonas srnarta (sp. nov.) 
XVI - rod o.;-1.1 - /. - - A/R
Pseudomonas steinhausa (sp. nov.) 
I- I- I-
- /. - I-
- - - -
- - - -
- - - I-
-
-
-
-
I-
I-
I-
I-
- - -
- - -
- - -
- - -
